Introduction
The present review was conducted following publication of our randomized controlled trial (RCT) of overlapping vs. end-to-end repair of third and fourth degree obstetric anal sphincter lacerations [1 ] . A literature search using PubMed in the English language literature from January 2009 to April 2011 identified articles concerning the surgical repair of third and fourth degree obstetric anal sphincter lacerations.
The problem
Clinical obstetric practice has focused primarily on the expediency of delivering a healthy baby. Although there is a significant body of literature demonstrating the effect of parturition on pelvic floor integrity and function, this information has had only a marginal impact on clinical practice [2] . The surgical repair of external anal sphincter (EAS) defects sustained at the time of childbirth, until recent times, has been achieved exclusively using an end-to-end repair technique. The surgical procedure was based upon a belief that the EAS was a tubular structure surrounding the anal canal. The internal anal sphincter was not routinely identified and repaired when injured. In the early 1990s, thanks primarily to the work of Sultan et al. [3] , the ultrasound diagnostic criteria for anal sphincter injury were more accurately defined. This development allowed for better quantification of rates of anal sphincter injury, better understanding of the risk factors for anal sphincter injury, and the ability to more accurately determine the effect of surgical intervention on subsequent integrity of the muscle structure. Retrospective and small prospective observational trials suggested that the overlapping repair of third and fourth degree tears of the anal sphincter promised to achieve higher rates of successful repair [4, 5] . These findings led to RCTs aimed at determining which procedure had greater efficacy [1 , [6] [7] [8] [9] 10 ]. These trials have resulted in a greater understanding of the impact that surgical repair of obstetrical EAS tears has on anal incontinence symptoms, but their limitations have prevented
Purpose of review
There is a significant risk of anal incontinence in women who sustain a third or fourth degree tear of the external anal sphincter (EAS) at the time of delivery. Optimizing the surgical correction of these injuries should result in the best functional outcome for women. The purpose of this review is to examine recent evidence.
Recent findings
The results of randomized trials are conflicting. Four trials have found no difference between the overlapping and end-to-end repairs. One trial found the overlapping procedure superior and one found the end-to-end procedure to be superior. Repair of the internal anal sphincter is an important part of the surgical repair. Surgeon experience with specific surgical procedures does not significantly affect outcomes. Methodological limitations have compromised the conclusions of the majority of the studies and longer-term follow-up is still needed. Summary At present, the bulk of the evidence (follow-up to 12 months) finds that there is no difference in symptomatic outcomes between the end-to-end or the overlapping repair of EAS defects. A surgeon should use the technique with which they are most familiar. Obstetricians should familiarize themselves with the most up-to-date evidence concerning the anatomy of the EAS and take care to identify and repair both the internal anal sphincter and EAS at the time of an obstetrical injury. Surgeon experience with specific repair procedures does not affect outcomes of EAS defect repair. the achievement of a definitive answer as to the best procedure.
Background
Anal incontinence, whether flatal or fecal, is found in high rates in women who have sustained third or fourth degree obstetrical anal sphincter tears. Flatal incontinence ranges from 7 to 34%, and fecal incontinence ranges from 3 to 23% [11] [12] [13] . Anal incontinence risk increases with increasing parity and reaches statistical significance after the third vaginal delivery [14] .
Traditional obstetric practice has been to repair EAS defects using an end-to-end technique. In prospective studies looking at anal incontinence after end-to-end anal sphincter repairs, flatal incontinence was present in 24-50% and fecal incontinence in 2-16% [15, 16] . These high rates of anal incontinence following surgery may be explained by the finding of Sultan et al.
[4] who reported EAS defects in 82% of women 7 weeks after primary repair of an anal sphincter tear vs. 33% in women who did not have a sphincter tear. They found that anal incontinence was significantly associated with an EAS defect. Their findings suggested that traditional end-toend surgical repair of EAS defects does not restore normal anatomy or function.
Most colorectal surgeons who perform a delayed repair of an EAS defect overlap one end of the torn muscle with the other in a double-breasted fashion [17] . Sultan et al. conducted a small retrospective case series in which overlapping repair was performed in an operating room under regional or general anesthetic in 32 women. At 5 months postpartum, only two (7%) women had flatal incontinence and none had fecal incontinence [5] . Report of these results prompted a shift in clinical practice toward the use of the overlapping rather than the endto-end surgical technique to repair obstetrical injuries of the EAS. In the UK, courses on the surgical technique for repair of anal sphincter injuries were established. Many clinicians have adopted the overlapping repair approach [18] . These developments also prompted the design and conduct of randomized trials to test the assumption of superiority of the overlapping repair.
Review of clinical trial evidence
Six RCTs have been published examining the effects of overlapping vs. end-to-end repair of obstetrical EAS injuries. Fitzpatrick et al. [6] , Williams et al. [7] , Garcia et al. [9] , and Rygh and Korner [10 ] found no difference in fecal incontinence rates. Fernando et al. [8] [19] involving 64 women published by the same group and refrain from making recommendations. The authors also concluded that the total number of women in these trials, 279, was too small to permit meaningful conclusions. The recent publication by Farrell et al.
[1 ] found significantly higher rates of flatal incontinence in women who underwent an overlapping repair of the EAS as well as higher rates of fecal incontinence in this group that did not achieve statistical significance. These findings are in stark contrast to other studies.
A careful examination of the design and conduct of the six published randomized trials is instructive. This examination reveals key shortcomings of the studies that are relevant to the interpretation of their results. These shortcomings included enrollment of inappropriate participants, limitations of sample size, questionable methods of surgical repair, lack of clarity concerning outcome measures, and inadequate follow-up.
Enrollment criteria
Two conditions that should have been excluded from these studies were multiparity and incomplete tears of the EAS sphincter.
Parity influences anal incontinence rates
Ryhammer et al. [14] demonstrated that in women without anal sphincter lacerations, the risk of permanent
Key points
At present, the bulk of the evidence finds that there is no difference in symptomatic outcomes between the end-to-end and the overlapping repair of external anal sphincter (EAS) defects. A surgeon should use the technique with which they are most familiar. Longer follow-up is needed to permit clinically relevant conclusions concerning the best procedure to repair third or fourth degree tears of the EAS. Inclusion of the internal anal sphincter in the repair of a 3c or greater tear is critical to reduce the risk of anal incontinence. Obstetricians should familiarize themselves with the anatomy of the EAS and take care to identify and repair both the internal anal sphincter and EAS at the time of an obstetrical injury. Surgeon experience with a specific repair procedure does not affect outcomes of EAS defect repair.
flatal incontinence rose with increasing parity. Healthy nulliparous women are least likely to have any preexisting anal sphincter compromise. Evidence has shown that women who undergo vaginal delivery may sustain undetected physical trauma to the EAS as well as neurologic impairment that could translate into anal sphincter dysfunction and anal incontinence [20] .
Of the six randomized prospective studies performed to date, Fitzpatrick et al. [6] and Farrell et al.
[1 ] were the only two that excluded multiparous women. The other trials included multiparous women in proportions ranging from 17 to 36% [7] [8] [9] 10 ]. Although equal proportions of multiparous women were enrolled in their study arms, the presence of multiparous women may have enlarged the group of women symptomatic of anal incontinence and blunted the impact of surgical technique.
In order to perform an overlapping repair, it is necessary to have a complete third degree tear of the EAS. Partial tears of the muscle would permit at best a partial overlapping procedure. As well, patients who sustain an incomplete tear may have less compromise to sphincter function and consequently less severe symptoms. Four of the clinical trials included women with partial third degree tears [6] [7] [8] 10 ]. In one trial, the proportion of patients who had sustained incomplete tears was not indicated and how they were handled surgically was not described. In one study, 67% of participants had only partial tears of the EAS and in another, 60% had partial tears; the intact fibers were left undisturbed and the torn portions repaired using the assigned surgical method. In a third study, 16% of the overlapping group had incomplete tears that were converted to complete third degree tears by the surgeon prior to performing the overlapping repair. Garcia et al. [9] and Farrell et al.
[1 ] enrolled only women with a complete tear of the EAS. Thus, in four of the five largest clinical trials, inclusion of women with partial tears of the EAS may have compromised their findings.
Sample size calculations
The incidence of postpartum fecal incontinence is very low. In the clinical trials, it ranges from a low of 3% to a high of 12%. Four of the six clinical trials were designed to detect a significant difference in fecal incontinence rates of between 25 and 39% [6, [8] [9] 10 ]. They were underpowered to find the more likely difference in fecal incontinence rates of 5-10%. The study by Williams et al. [7] was designed to compare suture materials rather than surgical techniques. Farrell et al.
[1 ] chose flatal incontinence as the primary outcome measure because it is a much more common symptom. Validated single symptom questions were used in their study to assess the rates of flatal and fecal incontinence to permit very clear identification of the symptom. They enrolled 174 women of whom 138 were eligible nulliparous women. At 6 months, 123 women (89%) were successfully followed up. Their finding of a higher rate of anal incontinence in the overlapping group vs. the end-toend group, 61 vs. 39% [odds ratio (OR) 2.44, confidence interval (CI) 1.18-5.04 P ¼ 0.015], is based on clear outcome criteria and successful follow-up. In a logistic regression analysis, flatal incontinence risk was found to be significantly increased with overlapping repair of the EAS (OR 3.22, CI 1.45-7.15, P ¼ 0.004).
Surgical procedure
Traditional training in obstetrics makes the assumption that the EAS is a tubular structure surrounding the anal canal. Videotapes and diagrams illustrating repair of the EAS suggest the placement of sutures at 12, 3, 6, and 9 o'clock on the presumed circular surface of the torn ends of the muscle for an end-to-end repair and, for an overlapping repair, the torn ends of the muscle are pulled over each other and sutured top to bottom. Sultan's work has clearly demonstrated that the EAS muscle is a sheath surrounding the anal canal with subcutaneous, superficial, and deep levels. The surgical repair of the muscle involves placement of sutures to reapproximate the different levels of the muscle. In addition to the repair of the EAS, the internal anal sphincter should be considered. The internal anal sphincter contributes significantly to the resting anal sphincter pressure that is critical to flatal continence. Evidence has shown that inclusion of this muscle in the repair of a fourth degree tear results in a better outcome for the woman [21] and when it is defective after repair, anal incontinence rates are higher [22 ] . Whereas the end-to-end or approximation technique for repair of the EAS has been widely practiced by obstetricians for many years, the overlapping repair has traditionally been reserved for delayed repair of a sphincter defect and was usually performed by a colorectal surgeon. In order to ensure that a clinical trial of the two surgical techniques permitted an equal chance of success, effort was necessary to ensure that obstetricians were properly educated about the anatomy of the muscles and the proper approach to the overlapping procedure.
Surgical technique
In two of the studies, the internal anal sphincter was not isolated and repaired separately [6, 7] . The other four studies identified and repaired the internal anal sphincter with a delayed absorbable suture such as polydioxanone from ethicon or Maxon [1 ,8,9,10 ] . In the study by Fernando et al. [8] , all repairs were performed by two experienced clinicians in the operating theatre. In the studies by Farrell et al.
[1 ], Garcia et al. [9] , and Rygh et al. [10 ] , repairs were performed by residents and by obstetricians. In the case of the study by Farrell et al., the researchers were available and were frequently consulted in the early period of the study to attend the birth unit and instruct physicians regarding the technique of overlapping repair that was based on the technique developed by Sultan.
Surgeon experience
The Cochrane review highlighted the fact that no studies to date had examined the impact of surgeon experience on outcomes. Farrell et al. [1 ] were the first to report on the impact of surgeon experience on outcomes. Not surprisingly, the surgeons in this study had more experience performing the overlapping repair compared to the end-to-end repair. They found no difference between surgeons who had experience with 1-5 vs. 6-10 vs. more than 10 previous repairs. Presence of expert assistance, type of surgeon, and number of assistants did not alter these findings.
Duration of follow-up
Duration of follow-up is important as symptoms of both urinary and anal incontinence resolve over time for a significant number of women. In three studies, the follow-up of a sufficient number of patients was limited to 3 months. Rygh 
Pathophysiology of anal incontinence
Current research has failed to clarify the cause of anal incontinence symptoms reported by women after EAS damage. Are symptoms caused by structural defects in the sphincter muscle that are detectable by ultrasound, or by damage to innervation of the muscle, which may be indirectly reflected by poor performance on anal manometry? Despite the fact that several studies found differences in symptoms between surgical intervention groups, none have found a significant difference in the rates of either internal or EAS defects. Farrell et al.
[1 ] and Roos et al. [22 ] found an association between combined defects of both muscles and higher rates of fecal incontinence. In the study by Rygh et al. [10 ] , the two patients with EAS defects had associated fecal incontinence.
Three studies reported their findings concerning anal function, which is reflected indirectly through anal manometry. None found a significant difference between groups, though findings by Farrell et al. suggested inferior function in the overlapping group. Flatal incontinence rates were higher in women who could not sustain a contraction of the EAS on clinical examination. Williams also assessed pudendal terminal motor latency and found no difference.
It is likely that anal incontinence symptoms are caused by a combination of structural defects in the sphincter muscles and damage to the innervation of the muscle, which may be indirectly reflected by poor performance on anal manometry. The internal anal sphincter contributes significantly to the resting anal sphincter pressure, which is critical to anal continence. Research has found that a persistent internal anal sphincter defect after repair of a third or fourth degree tear is associated with fecal incontinence [21] . The findings of Farrell et al.
[1 ] and Roos et al. [22 ] of a higher risk for fecal incontinence with a combined defect of both the EAS and internal anal sphincter suggests that inclusion of this muscle in the repair of a fourth degree tear should result in a better outcome.
Conclusion
The best evidence to date would suggest that the overlapping repair of third or fourth EAS injuries sustained at the time of childbirth is more likely to result in flatal incontinence in women. None of the studies done to date has found evidence of a reduced risk of fecal incontinence with a particular repair of the EAS. Surgeon experience with the procedure does not appear to influence outcomes suggesting that the important factor is the procedure, not the surgeon. Longer-term follow-up is needed to determine whether the short-term findings persist for a meaningful period of time.
